The issue of the backward-looking versus the forward-looking Phillips curve is still an open question in the macroeconomics profession. We identify a crucial difference between the two hypotheses concerning the real output effects of monetary policy shocks. The backward-looking Phillips curve predicts a strict intertemporal trade-off in the case of monetary shocks: a positive short run response of output is followed by a period where output is below the baseline. The resulting cumulative output effect is exactly zero. In contrast, the forward-looking model implies that the cumulative output effect of temporary monetary shocks is positive. The empirical evidence on the cumulated output effects of money are consistent with the forward-looking model.
Introduction
The dynamic effects of aggregate demand on output and inflation are still an open question. Even after decades of investigation, this issue is still highly controversial with only few definitive answers available. At stake in this discussion are the nature of the business cycle and the appropriate conduct of monetary policy among others.
The discussion has typically been framed within a Phillips curve set-up. The traditional Phillips curve relates inflation to some cyclical indicator and lagged values of inflation. It implies that inflation is a backward-looking phenomenon, produced by adaptive expectations or by price-setting behavior based on a backward-looking rule of thumb. While the traditional Phillips curve is subject to considerable theoretical criticism the empirical evidence indicates that it describes the post war inflation in the US and Europe reasonably well, e.g. Rudebusch/Svensson (1999) and Gali/Gertler/Lopez-Salido (2001) .
The so-called new-Keynesian Phillips curve relates inflation to the output gap and a "cost push" effect influenced by expected inflation. Obviously, inflation then is a forward-looking phenomenon caused by staggered nominal price setting as developed by Taylor (1979) and Calvo (1983) or quadratic price adjustment cost (Rotemberg, 1982) . This model is widely used in the theoretical analysis of monetary policy (Clarida/Gali/Gertler, 1999) and has been portrayed as "the closest thing there is to a standard specification" (McCallum, 1997) . While the new Phillips curve is attractive on theoretical terms it has not proved to be a simple task to reconcile it with the data, e.g. Fuhrer/Moore (1995) , .
As an alternative a number of researchers have investigated a hybrid form of the backward-looking and the forward-looking Phillips curve, e.g. Brayton et al. (1997) , Fuhrer/Moore (1997) and Roberts (1997) . Empirically, the hybrid Phillips curve has only limited success. In particular, it is not able to replicate inflation dynamics at the quarterly frequency as has been pointed out by Chadha/Masson/Meredith (1992) , Fuhrer (1997) , and Roberts (2001) . Evidence from and Gali/Gertler/Lopez-Salido (2001) is more favorable to the new Phillips curve.
However, Rudd/Whelan (2001) point out, that this approach might be subject to a considerable misspecification error. In particular, they show that tests based on the hybrid specification of the Phillips curve have very low power against alternative, but non-nested, backward-looking specifications. Consequently, empirical results that have been interpreted as evidence for the new-Keynesian model are also consistent with a backward-looking Phillips curve. More powerful tests developed by Rudd/Whelan (2001) find a very limited role for forward-looking price setting.
These empirical tests have so far exclusively focused on the price equation itself and have ignored other dimensions in which the two models make different predictions.
One such dimension is the output response to a monetary policy shock. While both models imply that money is neutral in the long run, they make strikingly different predictions concerning the adjustment of output following a temporary monetary growth innovation, or equivalently a permanent increase in the money stock. In the backward-looking model such an increase in money leads to a positive output effect in the short run, that is subsequently neutralized as the output falls below the baseline.
Thus, the output adjusts to its long-run equilibrium in an oscillatory process and the cumulative output effect sums to zero as a consequence. In contrast, the forward-looking model predicts a cumulative output effect which is positive, as the output stays above the baseline during the adjustment process following a monetary growth shock.
Why do the two models predict such differences in the adjustment process and the cumulative output effects of a monetary shock? Formally, it is well known, that the accelerationist version of the traditional Phillips curve implies superneutrality, i.e., a permanent increase in the monetary growth rate does not affect output in the long run.
As we will show in the following, superneutrality also implies that the cumulated output effects of a temporary increase in the monetary growth rate is zero. There exists a strict intertemporal trade-off, i. e., a short-run positive output effect is subsequently neutralized as the output falls below the baseline and the cumulative output effect sums to zero as a consequence. Intuitively, in the backward-looking model firms increase output and prices as the money stock is raised. In the following periods the firms further increase prices and reduce output due to their backward-looking price setting. This behavior leads to an oscillatory adjustment of output to the monetary shock.
The forward-looking model is based on the optimizing behavior of firms subject to price adjustment costs. Therefore the response of prices to a temporary monetary growth shock, or equivalently to a permanent increase in the money stock, on the one side and a permanent monetary growth shocks one the other side will differ. Firms find it optimal to adjust their prices less to temporary shocks while they "nearly" fully respond to permanent changes in the growth rate of money. This feature of the forward-looking model implies that temporary monetary shocks induce positive output effects during the adjustment process while this is not the case with permanent shocks.
As these output effects of a temporary shock are always positive during the transition period the cumulative output effect of a temporary increase in the monetary growth rate is also positive. In the long run these temporary output effects die out eventually.
Taken together, the forward-looking model is characterized by long-run monetary neutrality and positive cumulative output effects in the case of a permanent increase of the money stock. In addition it implies a property which could be termed "near superneutrality", i. e., permanent changes in the growth rate of money have hardly any real output effects (and they can even be negative for monetary growth rates above a certain threshold because of price adjustment costs).
In this paper we will provide an estimate for the cumulated output effect and test the null hypothesis of a zero cumulative effect. We start from the unconstrained reduced form of output and money by estimating a bivariate VAR and identify the output equation with a minimum set of restrictions, namely the proposition of long-run monetary neutrality. For our purpose of comparing the forward-looking and the backward-looking model with each other this restriction suggests itself naturally, since it is implied by both hypotheses. Our tests focus on cumulative properties of the output response, the distinguishing feature between the traditional and the new-Keynesian Phillips curve. We find that the empirical evidence is clearly more consistent with the forward-looking model. The paper proceeds as follows. Section 2 derives the output implications of the backward-looking and the forward-looking Phillips curve, in particular the adjustment process of output to a monetary shock. Section 3 presents empirical estimates and tests. Section 4 concludes. ( 1) with a cash-in-advance constraint
where π is the inflation, y is the output gap, m is the money stock, p is the price level, ε denotes a random disturbance, and ϕ is a positive parameter.
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The backward-looking Phillips curve implies long-run monetary neutrality, i.e., a permanent increase in money supply does not affect the level of output in the long run.
Solving equations (1) and (2) for the output yields 
In the next step we analyze whether money is also superneutral, i.e., whether a change in the growth rate of money, 
Equation (6) describes the long-run output effect of a permanent change in the growth rate of money. Alternatively, equation (6) 
Therefore, superneutrality also implies that the cumulative output effect of a permanent increase in the level of money is zero.
In summary, the traditional Phillips curve together with the cash-in-advance constraint yields the following implications:
1) Long-run neutrality, i.e., a permanent increase in the level of money does not affect output in the long run.
2) Superneutrality, i. e., a permanent increase in the growth rate of money does not affect output in the long run, 3) "Cumulative neutrality", i. e., the real output effects during the adjustment to a permanent increase in the money stock (or equivalently, a temporary increase in the monetary growth rate) cancel out.
The new-Keynesian Phillips curve
What are the implications of the new-Keynesian Phillips curve for these alternative neutrality concepts? Again, we supplement the new Phillips curve
with the cash-in-advance constraint (2). β is the discount rate, which obeys 0 < β < 1 and θ is a positive parameter. Substituting for y in equation (8) where ρ is the root between zero and one of the equation
The long-run effect of a permanent change in the money supply on the price level is then given by
Combining equations (2), (11), and (12) yields
i.e., the forward-looking Phillips curve implies that money is neutral in the long run. A permanent increase in the money stock does not affect the level of output in the long run.
In the next step, we analyze whether money is also superneutral. Does a permanent change in the monetary growth rate affect output? Using the cash-in-advance constraint to substitute for the inflation rate in the new-Keynesian Phillips curve and rearranging terms leads to
Using standard techniques, the solution of this equation may be written
Obviously, this implies that monetary policy is not superneutral in the case of the forward-looking Phillips curve, except in the special case of a zero rate of time preference ( 1 = β ). As will be shown below, for standard values of the rate of time preference the long-run output effects of a permanent increase in the money growth rate will be negligible, thus "near superneutrality" holds in this case. Notice, however, for all values of β , including one, the cumulative output effect of a temporary increase in money growth will be positive in the forward-looking model. The cumulative output effect of a 1% point deviation of the money growth rate in period t from its baseline value is given by . 0 1
Thus, the crucial difference between the backward and the forward-looking model in terms of output response is represented by equation (7) and (16). Both models make fairly similar predictions on the long-run effects of permanent changes in the level and the growth rate of money but they differ fundamentally with respect to the transition path to a permanent increase in the money stock.
In order to get a first idea on the quantitative importance of the cumulative output responses under the backward-looking and forward-looking specifications we simulate the output effect of a monetary shock on the two Phillips curve models estimated by
Both models generate the highest output effect of a permanent increase in the money stock in the first period ( figure 1 and 2) . The backward-looking model generates oscillatory movements of GDP around the baseline. Though the output effect of a permanent monetary expansion is positive initially it turns negative after about 2 years but recovers later on. The cumulated sum of the output effect is zero. Notice however, that firms adjust prices more rapidly in the case of a permanent change in the growth rate of money than in the case of a temporary monetary growth shock. Therefore, the strong cumulative output effect of the forward looking model in the case of a temporary shock is consistent with near superneutrality (in the case of a permanent monetary growth shock). With the same parameter values, a permanent change in the growth rate of money by 1% will lead to a .025% increase in the level of output in the long run. Notice, however, these estimates do not include possible resource or menu costs from inflation. In the appendix we present an alternative derivation of the new Keynesian price equation derived from a model with convex costs of price adjustment.
Using the Gali/Gertler//Lopez-Salido (2001) estimates we can identify a price adjustment cost parameter which suggests that with rates of inflation exceeding 1.5%
the menu costs would already exceed the mark-up gains of inflation.
Empirical Analysis

Identification issues
As shown in the theoretical section above, the forward-looking and the backwardlooking model make radically different predictions about the cumulated output effects of a permanent shock to the money stock. Our goal in the empirical section is to determine which of the two models is more consistent with the evidence on the to conduct an experiment of permanently rising the money supply/demand by x% unless one is certain that money can simply be characterised as a random walk in the data set over which the VAR has been estimated.
In formulating a VAR model we draw heavily on work by King and Watson (1997) 
rule. For our purposes it is not necessary to distinguish between a money supply or a money demand shock. It is important to notice that these restrictions imply that the response of money and output is invariant to changes in the parameter c, up to a level effect. This is important since this means that our results are not dependent on the choice for the parameter c.
That such an invariance property concerning the dynamic adjustment path holds can be seen as follows. First, rewrite the structural money rule in terms of the reduced form This shows, the choice of the parameter c only affects the size of the impulse but not the dynamic adjustment of money. Also as can be seen directly from equation (19a) and (19b), c does not affect the structural coefficients of the output equation.
Empirical results
As argued above, the impulse response analysis only allows to discriminate between the two models if the money shock has a permanent level effect. Therefore the order of integration, especially of money, is important since only in the case of a unit root in money can structural money shocks be interpreted as permanent changes in the level of money. The data for the US monetary base and real GDP is drawn from the IMF International Financial Statistics. The monetary base is taken as the monetary variable as it had a more prominent role as a policy variable and a less endogenous supply component than the wider monetary aggregates. Table 1 lists results of conventional (augmented) Dickey-Fuller tests of the monetary base and the output. The first column gives the Z DF statistic for levels of the variables, and the second the same statistic for first differences. The results indicate that the two variables are integrated of order one. Table 2 - Table 2 reports the estimation results from our bivariate VAR. Using equations 20-22f allows us to identify the structural parameters and conduct the impulse response analysis. Based on this structural coefficients the net cumulative output effects of changes in money can be calculated. The adjustment path of output following a permanent 1% increase in the money stock is generated by a dynamic forecast of output. The %-deviations of output from its long-run level, (Y), are cumulated to give the permanent output effect of a change in money, (YCUM). As can be seen from shows that the cumulated output effect as suggested by the Gali et al. estimates for the US is about 3 times larger than the VAR estimate.
Since it is our interest to arrive at an estimate of the cumulative output effect and to test whether it is significantly different from zero it is important to get an idea of the precision in which the cumulated output effect can be estimated. This is not a straightforward exercise since the cumulative output effect will generally be a complicated non-linear function of the structural coefficients. These coefficients are themselves functions of the reduced form parameters. Therefore we base our calculation of confidence bounds on Monte Carlo simulations. For that purpose we generate 1000 random samples of reduced form coefficients from the vector of estimated reduced form coefficients ∏ ,using the estimated variance-covariance matrix Ω of ∏. For each draw of reduced form parameters we calculate the structural coefficients under the identifying restrictions and calculate the cumulated output effect over a period of 50 years by simulating the output effect of a 1% money shock over this period and summing up the output response over time. This time horizon seems sufficient since the long-run neutrality restriction implies that output will eventually return to its baseline level. As can be seen from figures 3, the effect of an increase in money on output is completed well within a 100 quarters. Table 3 shows the lower tail of the distribution of YCUM (evaluated after 200 quarters) of the Monte Carlo exercise. Table 3 -
The values reported in the table are the value of YCUM at the x-th percentile. The results show that the probability that YCUM takes a negative value is less than 5%.
Thus, we can reject the hypothesis of a zero cumulative output effect at the 5% level.
Conclusions
This paper looks into the monetary policy implications of backward-looking and forward-looking price equations. So far no consensus has been reached among the macroeconomics profession which of the two price adjustment schemes should be chosen on empirical grounds. We identify a crucial difference between the two hypotheses. The backward-looking Phillips curve predicts a strict intertemporal tradeoff in the case of money shocks: a positive short run response of output is followed by a period where output is below the baseline and the cumulative effect is exactly zero.
In contrast, the forward-looking model allows the cumulative output effect of temporary money shocks to be positive. These contrasting predictions of the two hypotheses are tested in this paper. We find that the empirical evidence on the --------------------------------- Table A .1
---------------------------------
The net GDP effect from inflation can be obtained by subtracting the resource cost of inflation from the "mark-up" gains of (permanent) inflation which are .025% for each additional percent of inflation. Thus according to these estimates permanent inflation rates exceeding 1.5% annually would already result in net output losses. This specification is chosen in order to simplify the exposition. Qualitatively similar results hold for a more elaborate specification with an interest elastic money demand and an IS curve. This is also true for the forward-looking Phillips curve discussed in the next section. As we are mainly interested in long-run multipliers we set the random disturbance equal to zero. 2 In this literature the reduced form is formulated in first differences. This differs from the theoretical specification, where GDP is specified as a deviation from trend. Both formulations are, however, consistent with each other if the trend exhibits a unit root.
